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ABSTRACT 

It is natural for humans to collaborate while dealing with 
complex problems. In this article I consider this process 
of collaboration in the context of information seeking. The 
study and discussion presented here are driven by two dis- 
satisfactions: (1) the majority of IR systems today do not 
facilitate collaboration directly, and (2) the concept of col- 
laboration itself is not well-understood. I begin by probing 
the notion of collaboration and propose a model that helps 
us understand the requirements for a successful collabora- 
tion. A model of a Collaborative Information Seeking (CIS) 
environment is then rendered based on an extended model 
of information seeking. 

Categories and Subject Descriptors 

H. 3.3 [Information Search and Retrieval]: Search Pro- 
cess; H.5.3 [Information Interfaces and Presentation]: 

Group and Organization Interfaces — Collaborative comput- 
ing, Computer-supported cooperative work, Theory and mod- 
els 

General Terms 

Human Factors, Theory 

Keywords 
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I. INTRODUCTION 

Two is company; three is a crowd. This seems like a sim- 
ple saying, but going beyond a snippet of wisdom, it says 
a lot. The meaning of this proverb is obvious - two heads 
are better than one, but we have to be careful about having 
too many cooks in the kitchen. One of the objectives of the 
present article is to explore the idea of putting two or more 
heads together in a pursuit of a common goal. I will refer to 
this process as collaboration, the definition of which will be 
unveiled in Section 2. The other objective of this article is 
to map the notion of collaboration to the information seek- 
ing process. A model to evoke this discussion is proposed 
in Section 3. I conclude the article in Section 4 by summa- 
rizing some of the concepts presented here and presenting 
suggestions for the future research in this direction. 
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2. DEFINING COLLABORATION 

I will start the discussion toward Collaborative Informa- 
tion Seeking (CIS) by reviewing the notion of collaboration. 
In the literature, we find people using the term 'collabora- 
tion' in different senses. Moreover, it is often confused with 
coordination and cooperation. Looking up the dictionary 
definitions of these three terms does not help much in differ- 
entiating them clearly. Fortunately for us, people like Den- 
ning and Yaholkovsky Pf] , and Taylor- Powell et al. [15] have 
done extensive work on linking up these concepts. Based 
on their insights, I present a model of collaboration in Fig- 
ure 1. This model consists of five layers, with collaboration 
encapsulating the others. 




Figure 1: A model for collaboration 

• Communication. This is a process of sending or ex- 
changing information, which is one of the core require- 
ments for carrying out a collaboration, or maintaining 
any kind of productive relationship for that matter. 
For instance, Sarah putting up flyers for her college 
student body president campaign is a form of commu- 
nication that she is doing with the college community. 

• Contribution. This is an informal relationship by which 
individuals help each other in achieving their individ- 
ual goals. For instance, Mark chipping in for Sarah's 
campaign fund is a contribution. 



Coordination. This is a process of connecting parties 
together for a harmonious action. This often involves 
bringing people under an umbrella at the same time 
and place. During this process, the involved parties 
may share resources, responsibilities, and goals. For 
instance, assembling a group of students for Sarah's 
campaign requires coordination. 

Cooperation. This is a relationship in which parties 
with similar interests take part in planning activities, 
negotiating roles, and sharing resources to achieve joint 
goals. In addition to coordination, cooperation in- 
volves all the parties following some rules of inter- 
action. For instance, during the campaign, another 
candidate, Michael, realizes that his and Sarah's cam- 
paigns are pretty much the same. So he decides to 
merge his campaign with that of Sarah. They ne- 
gotiate their roles and responsibilities in this process 
with Sarah running for president and Michael for vice- 
president. They decide to cooperate, instead of com- 
pete. 

Collaboration. This is a process of involving parties 
that may see different aspect of a problem. They 
engage in a process through which they can go be- 
yond their own individual expertise and vision by con- 
structively exploring their differences and searching for 
common solutions. In contrast to cooperation, collab- 
oration involves creating a solution that is more than 
merely the sum of each party's contribution. The au- 
thority in such a process is vested in the collaborative 
rather than in an individual entity. For instance, after 
the election between Sarah's and Jose's parties (the 
only two parties remained in the race), none received 
the majority of the votes. They, in turn, decided to 
merge and create a collaborative. Both of these parties 
had slightly different visions and strengths, but now 
they have brought those together to create a shared 
solution that is likely to be different than what either 
of them could have achieved. In addition to this, we 
can hope that this solution is also a better one, since 
often a group of entities are found to create a much 
better solution than any individual entity by itself [l4] . 
As Chrislip and Larson Rj] define collaboration, "It is a 
mutually beneficial relationship between two or more 
parties who work toward common goals by sharing re- 
sponsibility, authority, and accountability for achiev- 
ing results." Similarly, according to Gray 10 , collab- 



oration is "a process through which parties who see 
different aspects of a problem can constructively ex- 
plore their differences and search for solutions that go 
beyond their own limited vision of what is possible." 

Let us look back to the terms 'coordination' and 'coop- 
eration', and see how they fit around this understanding of 
collaboration. Austin and Baldwin [I] note that while there 
are obvious similarities between cooperation and collabora- 
tion, the former involves pre-established interests, while the 
latter involves collectively defined goals. Malone [12] de- 
fined coordination as the additional information processing 
performed when multiple, connected actors pursue goals that 
a single actor pursuing the same goals would not perform. 
While this definition is close to the one we have seen about 
collaboration, one can argue that it still fits in the model 



described in Figure 1 since it says nothing about creating 
solutions. 

Another interesting observation we can make from the 
above mentioned model is that various terms are defined 
considering some form of relationship among people, and 
not between autonomous systems or humans and machines. 
In the literature, 'collaboration' is also used when certain 
information such as queries and results are combined al- 
gorithmically 
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A stream of research, often referred to 
as collaborative filtering or recommender systems focuses on 
filtering the information presented to a user based his own 
history or the search behavior of the community around him 
[ll. I will refrain from using this sense of collaboration and 
focus only on the kind of collaboration that is actively car- 
ried out among a group of people. 

Let us now discuss how this understanding of collabora- 
tion informs the essentials of doing collaboration. In other 
words, let us explore the characteristics or the requirements 
of a successful collaboration. Surowiecki [ll] lists four such 
conditions: 

1. Diversity of opinion. Each person should have some 
private information, even if it is just an eccentric in- 
terpretation of known facts. 

2. Independence. People's opinions are not determined 
by the opinions of those around them. 

3. Decentralization. People are able to specialize and 
draw on local knowledge. 

4. Aggregation. Some mechanism exists for turning pri- 
vate judgments into a collective decision. 

All these conditions seem to make sense. We can also see 
what cannot be called a true collaboration. For instance, 
imagine two co-workers sitting in front of a computer seek- 
ing and analyzing some information. They may have diverse 
opinions, but they are not working independently in a decen- 
tralized wayQ What these conditions tell us is that in order 
to have a successful collaboration while seeking information, 
we need to create a supportive and environment where: 

1. The participants of a team come with different back- 
grounds and expertise. 

2. The participants have opportunity of exploring infor- 
mation on their own without being influenced by the 
others, at least during a portion of the whole informa- 
tion seeking process. 

3. The participants should be able to evaluate the discov- 
ered information without always consulting the others 
in the group. 

4. There has to be a way to aggregate individual contri- 
butions to arrive at the collective goal. 

One important aspect the above requirements is missing 
are the kind of task. There may not be much point in collab- 
orating for simple fact-finding information tasks. As Morris 
and Horvitz [13] expressed, tasks that are exploratory in 
nature are likely to benefit from collaboration. 

1 Note that decentralization does not necessarily imply that 
the co-workers are located remotely. Two co-workers can be 
co-located and can still work in a decentralized fashion. 



I will now take this understanding of the notion of collab- 
oration and the requirements to have a successful collabora- 
tion to proposing a set of guidelines for a CIS environment. 
These guidelines, following the model in Figure 1, and de- 
rived from our discussion earlier, are given below. 

1. There has to be a way for the users of a CIS system to 
communicate with each other. 

2. Each user should be able to (and encouraged to) make 
individual contributions to the collaborative. 

3. User actions, information requests, and responses have 
to be coordinated to have an active and interactive col- 
laboration. This collaboration could be synchronous or 
asynchronous, and co-located or remote. 

4. Users need to agree to and follow a set of rules to carry 
out a productive collaboration. For instance, if they 
have a disagreement on the relevancy of an informa- 
tion object, they should discuss and negotiate; they 
should arrive to a mutually agreeable solution rather 
than continuing to dispute it. The system, of course, 
needs to support such a discussion and negotiation pro- 
cesses among the users. 

5. The system should provide a mechanism to let the 
users not only explore their individual differences, but 
also negotiate roles and responsibilities. There may 
be a situation in which one user leads the group and 
others follow (cooperate), but the real strength of col- 
laboration lies in having the authority vested in the 
collaborative, as noted earlier. 

3. A MODEL FOR COLLABORATIVE IN- 
FORMATION SEEKING (CIS) 

Focusing our attention to information seeking now, we will 
see how our guidelines presented in the previous section can 
be realized in a model of information seeking. To begin our 
discussion, I present a four layer model of information seek- 
ing, centered around information access and organization in 
Figure 2. On the left side, four layers are labeled, on the 
right side, examples are given for these layers, and in the 
middle, a typical scenario is presented. These four layers 
are described below in detail. 

Layer- 1: Information 

This layer contains information in various sources and for- 
mates (structured, semi-structured, and unstructured). The 
sources include digital libraries, wikis, blogs, databases, and 
webpages; formats include text, images, and videos. 

Layer-2: Tools 

This layer consists of tools and techniques a user can use 
to access the information of layer- 1. They include search 
services, relevance feedback [5], and query term suggestions 
(2] . In addition, since this layer also acts as a mediating layer 
between information and users, it includes a variety of user 
interfaces, starting from results as rank-lists to touch panels 
with mechanisms to visualize results. We can see that a large 
amount of research in IR is focused on the link between 
layer- 1 and layer-2; that is, developing tools and services 
appropriate for retrieving information of various forms. 
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Figure 2: Four layer model of information seeking 
centered around information access and organiza- 
tion 



Layer- 3: User 

This layer consists of a user, who uses the tools in layer-2 to 
access the information in layer- 1 and accumulate the knowl- 
edge in layer-4. We can see that the focus of HCI research 
has been on the link between layer-2 and layer-3; that is, 
presenting the information and the information access tools 
in effective ways to the user. This layer-3 also includes ele- 
ments relating to a user, such as user profiles, which can be 
used for personalization [16] . 

Layer-4: Results 

The user of layer-3 accumulates the information relevant to 
him in layer-4. In the most basic sense, this could be a set 
of webpages that the user found relevant from his searches 
on the Web. Extending this further, we can have book- 
marks, notes, and other kinds of results, sometimes stored 
with attributes such as tags, metadata, and comments. At 
a more conceptual level, this layer consists of the knowledge 
that the user gained by his information seeking process. The 
focus of research in PIM [8] has been on the link between 
layers 3 and 4, addressing the issues of information storage 
and organization by users. 

I will now extend the general model of information seeking 
presented in the previous section to incorporate the notion 
of collaboration that I discussed earlier. To be specific, I 
will investigate the situations in which a group of users col- 
laborate using traditional or collaborative tools to achieve 
personal or common information goals. A model with such 
a configuration is given in Figure 3. This is obtained by 
extending the original model of information access and or- 
ganization for two usersQ These users can access and orga- 
nize information individually, or decide to collaborate with 
each other. In the case of collaboration, they will have a 
way to communicate with one another. They may have a 
common or shared interface. They may also have a shared 
space where they can store and organize their results. In 
other words, collaboration between these two users can oc- 
cur at various levels: (1) while formulating an information 

2 Considering only two users is merely for the simplicity; the- 
oretically, the model can incorporate any number or users. 
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Figure 3: A model for Collaborative Information 
Seeking (CIS) extended from the model in Figure 2 



request, (2) while obtaining results, and (3) while organizing 
and using the results. 

4. CONCLUSION 

In this article I attempted to formalize the notion of col- 
laboration and proposed a model of Collaboration Informa- 
tion Seeking (CIS) that put collaboration in perspective. I 
presented a model of collaboration that incorporated often 
interchangeably used concepts, such as 'coordination', 'coop- 
eration', and 'collaboration'. With this model and related 
works on collaboration, I came up with requirements and 
guidelines for having a successful collaboration. This un- 
derstanding was then translated into proposing a model for 
CIS. I believe this model can not only help us implement 
CIS environments, but also evaluate existing systems for 
collaboration. Often "collaborative" systems are designed 
by mixing various parts or objects (such as queries [9] or 
documents [3]) of an information seeking process; however, 
I want to emphasize that a true collaborative system has to 
be based on a more user-centric design, giving the maximum 
freedom to the users, than letting the system carry out all 
sorts of "collaboration" invisibly. My hope is to see CIS sys- 
tems realized using a well-grounded model, such as the one 
proposed here, rather than simply extending a single-user 
IR system for multiple users. 

Finally, one should also be cautious about the limitations 
of collaboration. It is important to point out that putting a 
group of people together does not always result in something 
that is better than what can be produced by an individual. 
Another significant aspect to consider is the kind of task. 
As noted earlier, collaboration may not prove to be effective 
in certain situations. All of these directions are worth in- 
vestigating for a better understanding of CIS processes and 
enhancing user experience in collaborative environments. 
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